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From Motion P i c t u r e  P r e s e n t a t i o n )  
J. P. Heppner 
NASA-Goddard Space F l i g h t  C e n t e r  
Greenbe l t  , Maryland 
August 1966 
( O r i e n t a t i o n  l e c t u r e  a t  Advanced Study I n s t i t u t e  on Aurora and 
Airglow,  U n i v e r s i t y  of Keele, England, August 1966; P r o c e e d i n g s  
t o  be  p u b l i s h e d  by Reinhold P u b l i s h i n g  Coo , New York) 
I. I n t r o d u c t i o n  
A comprehensive review of  h igh  l a t i t u d e  ( i . e . ,  auroral zone 
and p o l a r  c a p )  magnet ic  d i s t u r b a n c e s  should treat i n  sequence t h e  p r o -  
p e r t i e s  of t h e  solar wind and i n t e r p l a n e t a r y  f i e l d s ,  t h e i r  i n t e r a c t i o n  
w i t h  t h e  e a r t h ' s  magnet ic  f i e l d ,  t h e  mechanisms f o r  t r a n s f e r r i n g  solar 
wind ene rgy  t o  t h e  o u t e r  magnetosphere,  t h e  mot ions  of f i e l d s ,  p lasmas  
and e n e r g e t i c  p a r t i c l e s  w i t h i n  t h e  magnetosphere,  t h e  energy  c o u p l i n g  
between the  o u t e r  magnetosphere and i o n o s p h e r i c  r e g i o n s ,  p o s s i b l e  i n f l u -  
e n c e s  of wind g e n e r a t e d  p o t e n t i a l s  i n  t h e  i o n o s p h e r e ,  and t h e  electro - 
and hydromagnet ic  p r o p e r t i e s  of t h e  ionosphe re  which e v e n t u a l l y  d e t e r m i n e  
many of the c h a r a c t e r i s t i c s  o f  t h e  magnet ic  d i s t u r b a n c e  seen  by a h i g h  
l a t i t u d e  magnet ic  o b s e r v a t o r y .  Any a t t empt  a t  t h i s  t y p e  o f  r ev iew i n  a 
s h o r t  p a p e r  i s  d e s t i n e d  t o  be  too sketchy t o  be  s u b s t a n t i v e  and some of  
t h e s e  t o p i c s  are d i s c u s s e d  i n  o t h e r  pape r s  a t  t h i s  symposium. 
The d i s c u s s i o n  h e r e  i s  d i r e c t e d  t o  t h e  geomagnet ic  t i m e  and 
l a t i t u d e  d i s t r i b u t i o n  of magnet ic  d i s t u r b a n c e  a t  a u r o r a l  and p o l a r  c a p  
l a t i t u d e s .  T h i s  i s  an o l d  t o p i c  which h a s  assumed new s t a t u s  as a conse-  
quence o f  space  measurements i n  r e c e n t  years., 
known a s s o c i a t i o n  w i t h  a u r o r a l  zone magnet ic  d i s t u r b a n c e s ,  w e  are now 
aware t h a t  sudden changes  i n  t h e  p o p u l a t i o n  of low energy  t r a p p e d  p a r t i c l e s  
are c l o s e l y  c o r r e l a t e d  w i t h  bay a c t i v i t y  i n  t h e  a u r o r a l  zone (McI lwain ,  
1966; Davis and Wil l iamson,  1966; Konradi,  1966) .  The impor t ance  of t h e  
t o p i c  i s  a l s o  e v i d e n t  on examinat ion of r e c e n t  t h e o r i e s  ( e . g . ,  Axford 
and H i n e s ,  1961; Dungey 1961; P i d d i n g t o n ,  1963; T a y l o r  and Hones, 1965) 
i n  which t h e  b a s i c  problem i s  a r r i v i n g  a t  a n  e x p l a n a t i o n  f o r  t h e  h i g h  
l a t i t u d e  d i s t u r b a n c e  p a t t e r n s  as a n  e v e n t u a l  consequence  of solar wind 
Among o t h e r  phenomena o f  
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i n t e r a c t i o n  w i t h  t h e  magnetosphere.  
u s u a l l y  worked backwards i n  t h e  s e n s e  t h a t  c o n d i t i o n s  i n  t h e  o u t e r  mag- 
n e t o s p h e r e  a r e  deduced from an  assumed h i g h  l a t i t u d e  c u r r e n t  d i s t r i b u t i o n  
and one  then  f i n d s  c a u s e  f o r  t h e s e  c o n d i t i o n s .  The re  have  been o n l y  a 
few a t t e m p t s  a t  t r e a t i n g  t h i s ,  i . e . ,  t h e  r e v e r s e ,  problem q u a n t i t a t i v e l y  
( e . g . ,  F e j e r ,  1963; T a y l o r  and Hones, 1965) .  T h i s  l a c k  of  q u a n t i t a t i v e  
t r e a t m e n t  i s  n o t  s u r p r i s i n g  c o n s i d e r i n g  t h a t  a number of  a s sumpt ions  are 
r e q u i r e d  which i n  t u r n  cast  doubt  on s p e c i f i c  r e s u l t s .  T y p i c a l  s t e p s ,  
n o t  a l l  i d e n t i f i e d  w i t h  any one a n a l y s i s ,  are:  (a )  t h e  assumpt ion  of a 
model o f  t h e  s u r f a c e  magnet ic  d i s t u r b a n c e  which i n  t u r n  u s u a l l y  i n c l u d e s  
t h e  a d d i t i o n a l  assumption t h a t  t h e  d i s t u r b a n c e  i s  i n v a r i a n t  w i t h  t i m e ,  
( b )  t h e  assumption t h a t  t h e  model d i s t u r b a n c e  i s  caused  by i o n o s p h e r i c  
c u r r e n t s  whose c i r c u i t s  l i e  e n t i r e l y  w i t h i n  t h e  i o n o s p h e r e ,  ( c )  t h e  
a s sumpt ion ,  a s s o c i a t e d  w i t h  ( b ) ,  t h a t  magnet ic  f i e l d  l i n e s  are a l s o  l i n e s  
of  e l e c t r i c a l  e q u i p o t e n t i a l  , ( d )  t h e  assumpt ion  of a s ta t ic  model atmos- 
p h e r e  f o r  n e u t r a l  and charged  p a r t i c l e s  a t  i o n o s p h e r i c  h e i g h t s  f o r  c a l c u -  
l a t i o n  of t e n s o r  c o n d u c t i v i t i e s ,  and ( e )  t h e  assumpt ion  of a magnet ic  
f i e l d  model f o r  t r a c i n g  f i e l d  l i n e s  i n t o  t h e  o u t e r  magnetosphere.  
To v a r i o u s  d e g r e e s  t h e  problem i s  
The m i s s i n g  l i n k  i n  u n d e r s t a n d i n g  t h e  d i s t u r b a n c e  phenomena i s  
o b v i o u s l y  t h e  l a c k  of measurements of  e lec t r ic  f i e l d s .  However, even when 
w e  have  t h e s e  measurements t h e y  w i l l  have  t o  be r e f e r e n c e d  i n  t i m e  and 
l o c a t i o n  t o  c h a r a c t e r i s t i c  s t a g e s  of  magnet ic  d i s t u r b a n c e  as reco rded  by 
s u r f a c e  o b s e r v a t o r i e s .  
p i c t u r e s  of t y p i c a l  p a t t e r n s  o r  sys tems of magnet ic  d i s t u r b a n c e  a t  h i g h  
l a t i t u d e s  and an  e q u a l l y  clear u n d e r s t a n d i n g  t h a t  t h e s e  p a t t e r n s  are o n l y  
q u a s i - s t a b l e .  
Thus i t  i s  i m p o r t a n t  t h a t  w e  have  c lear  c o n c e p t u a l  
The most d i f f i c u l t  c o n c e p t s  i n v o l v e  r e c o g n i z i n g  t h e  c o n t i n u o u s  
* 
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e x i s t e n c e  of p a t t e r n s  unde r  h i g h l y  v a r i a b l e  c o n d i t i o n s .  
a l t h o u g h  d i f f i c u l t  t o  convey i n  words o r  f i x e d  t i m e  i l l u s t r a t i o n s ,  are 
These  c o n c e p t s ,  
r e l a t i v e l y  e a s y  t o  g r a s p  through r epea ted  v iewing  of  t h e  motion p i c t u r e  
p r e s e n t a t i o n  d e s c r i b e d  i n  S e c t i o n  111 , below. 
11. B r i e f  Review of  D i s t u r b a n c e  P a t t e r n s  
B i r k e l a n d ' s  ( 1900-1913) d e s c r i p t i o n s  and e x p l a n a t i o n s  of  I tpo la r  
e l emen ta ry  s tormst1 c o i n c i d e n t  w i t h  a u r o r a l  d i s p l a y s  r e p r e s e n t  t h e  f i r s t  
modern a t t e m p t  t o  unde r s t and  h i g h  l a t i t u d e  d i s t u r b a n c e s .  B i r k e l a n d ' s  
" p o l a r  e l emen ta ry  s torms" are  now u s u a l l y  ref e r r e d  t o  as ' 'magnetic bays" 
or  " a u r o r a l  e l e c t r o j e t  d i s t u r b a n c e s 1 ' .  The changes  i n  name do n o t  imply 
any p h y s i c a l  d i f f e r e n c e .  B i r k e l a n d ' s  concep t s  were n e c e s s a r i l y  s imply:  
e lectrons e n t e r e d  t h e  o u t e r  a tmosphere from g r e a t  d i s t a n c e s  and r e t u r n e d  
t o  d i s t a n t  space .  T h e i r  h o r i z o n t a l  p a t h s  a l o n g  a magnet ic  s h e l l  w h i l e  
i n  t h e  o u t e r  a tmosphere de te rmined  t h e  c u r r e n t  f l o w  c a u s i n g  t h e  magnet ic  
d i s t u r b a n c e .  Thus,  h e  d i d  n o t  c l o s e  t h e  c i r c u i t  w i t h i n  t h e  ionosphe re .  
Cri t ic isms are  w e l l  known bu t  t h e  b a s i c  concep t  i s  brought  back i n  d i f f e r -  
e n t  forms  as earlier grounds  f o r  c r i t i c i s m  are found l a c k i n g  ( S e e ,  e . g . ,  
A l f v l n  , 1966) .  
Chapman's (Chapman and Bartels, 1940) harmonic a n a l y s i s  of 
magnet ic  s to rms  p rov ided  a d e s c r i p t i o n  of magnet ic  d i s t u r b a n c e  i n  terms 
of a system of c u r r e n t s  forming c l o s e d  c i r c u i t s  w i t h i n  t h e  ionosphe re .  
Although h i g h l y  i d e a l i z e d  i n  terms o f  D s t  ( symmetr ic  abou t  t h e  e a r t h ' s  
magnet ic  a x i s )  and SD ( s o l a r  d i u r n a l )  p a r t s ,  t h i s  i d e a l i z a t i o n  h a s  been 
a r e f e r e n c e  system f o r  many subsequent  s t u d i e s .  P o l a r  v iews  o f  Chapman's 
D s t  + SD and SD sys tems are  shown i n  F igu re  1, A and B r e s p e c t i v e l y .  I n  
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more r e c e n t  years v a r i o u s  symbolisms ( e . g . ,  DS, DP, D p ,  D i ,  e tc . )  have  
been used  t o  d e s c r i b e  t h e  non-symmetric p a r t  of  a d i s t u r b a n c e  l a r g e l y  t o  
e s c a p e  t h e  r e s t r i c t i v e  n a t u r e  of t h e  SD d e f i n i t i o n .  
c l a s s i f i c a t i o n s  h a s  been g iven  by Chapman (1961) .  A s  d i f f e r e n t  i n v e s t i -  
g a t o r s  do not  u s e  t h e  same t e c h n i q u e s  i n  a n a l y s i s  b u t  may choose  t o  u s e  
t h e  same symbols i n  speaking  of  t h e  r e s u l t i n g  c u r r e n t  sys tems , c o n s i d e r a b l e  
c o n f u s i o n  can, and o f t e n  d o e s ,  r e s u l t  f rom t h i s  l a b e l l i n g .  An obv ious  
example i s  t h e  u s e  of t h e  t e r m  asymmetr ica l  Dst .  To a v o i d  semant ic  con-  
f u s i o n  h e r e ,  w e  w i l l  i g n o r e  t h e  u s u a l  symbolisms. 
A r ev iew of  d i s t u r b a n c e  
Chapman's a n a l y s i s  was based on a v e r a g i n g  a l a r g e  number of 
magnet ic  s torms and most subsequent  a n a l y s e s  have  been c a r r i e d  o u t  by 
v a r i o u s  t echn iques  of a v e r a g i n g  as a f u n c t i o n  of l o c a l  t i m e  t h e  d i s t u r b a n c e s  
o c c u r r i n g  on d i f f e r e n t  days .  The sampling of d a y s  and h o u r s  r e l a t i v e  t o  
t h e  number of o b s e r v a t o r i e s  used  and t h e i r  l o c a t i o n s  g i v e s ,  as e x p e c t e d ,  
v a r i a t i o n s  i n  t h e  r e s u l t i n g  p a t t e r n  of d i s t u r b a n c e .  The e q u i v a l e n t  i ono-  
s p h e r i c  c u r r e n t  sys tems drawn t o  r e p r e s e n t  t h e s e  p a t t e r n s  are a c c o r d i n g l y  
d i f f e r e n t  i n  d e t a i l .  Two w e l l  known r e p r e s e n t a t i o n s  of  t h i s  t y p e  are 
shown as F i g u r e s  1 ( C )  and 1 ( D )  from S i l s b e e  and V e s t i n e  (1942)  and 
Nagata ( 1950) , r e s p e c t i v e l y .  More r e c e n t l y  Nagata and Ii j i m a  ( 1964) have  
shown t h a t  c u r r e n t  sys tems d e r i v e d  by similar a v e r a g i n g  p rocedures  a t  
h i g h  southern  and h i g h  n o r t h e r n  l a t i t u d e s  are e s s e n t i a l l y  t h e  same which 
s u g g e s t s  a c o n j u g a t e  r e l a t i o n s h i p  i n  t h e  a v e r a g e  d i s t u r b a n c e  p a t t e r n .  T h i s  
i s  i l l u s t r a t e d  i n  F i g u r e s  1 ( E )  and 1 ( F ) .  
The ave rag ing  of a number of  d i s t u r b a n c e s  o r  a number of d a y s  
h a s  t h e  obvious  drawback t h a t  tempora l  v a r i a t i o n s  i n  t h e  d i s t r i b u t i o n  are 
e l i m i n a t e d .  A l so ,  d e t a i l s  which p e r s i s t  s p a t i a l l y  b u t  do  n o t  occur  a t  t h e  
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i d e n t i c a l  l o c a l  t i m e  each  day  o r  a t  i d e n t i c a l  l a t i t u d e s  th rough  a r ange  
of  d i s t u r b a n c e  i n t e n s i t i e s  can be  l o s t  and t h u s  ignored  i n  subsequent  
p h y s i c a l  i n t e r p r e t a t i o n .  The smoothing becomes even more ex t reme when 
a small number of  s c a t t e r e d  o b s e r v a t o r i e s  i s  used.  
immedia te ly  e v i d e n t  i n  comparing diagrams such as t h o s e  i n  F i g u r e  1 w i t h  
Harang ' s  (1946)  a n a l y s i s  of d i s t u r b a n c e s  o b t a i n e d  by r o t a t i n g  i n  local 
t i m e  a set  of s t a t i o n s  which were c l o s e l y  spaced a l o n g  a geomagnet ic  
mer id i an .  Even though Harang used  hour ly  v a l u e s ,  t h e  f ac t  t h a t  h e  d i d  
n o t  mix w i d e l y  d i f f e r e n t  l e v e l s  o f  d i s t u r b a n c e  and d i d  u s e  c l o s e l y  spaced 
s t a t i o n s ,  b rought  o u t  t h e  v e r y  impor tan t  d e t a i l  t h a t  t h e r e  i s  an o v e r l a p  
i n  l a t i t u d e  between +AH and -AH d i s t u r b a n c e s  n e a r  t h e  local t i m e  o f  t r a n -  
s i t i o n  from p o s i t i v e  t o  n e g a t i v e  bays.  
These p o i n t s  are 
T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  2.  
A second c a t e g o r y  of a n a l y s i s ,  des igned  t o  show tempora l  var i -  
a t i o n s  i n  t h e  s p a t i a l  d i s t r i b u t i o n ,  h a s  been t h e  c o n s t r u c t i o n  of  d i s t u r -  
bance p a t t e r n s  o r  e q u i v a l e n t  c u r r e n t  systems f o r  s p e c i f i c  h o u r s  u s i n g  
h o u r l y  mean v a l u e s  ( e . g . ,  V e s t i n e ,  e t  a l . ,  1947; Fukushima, 1953; F a i r f i e l d ,  
1963) .  
l i m i t e d  t o  a small number of  h o u r s  f o r  p a r t i c u l a r  d i s t u r b a n c e s .  S e l e c t i o n  
of r e p r e s e n t a t i v e  samples  i s  t h u s  a problem and some d e t a i l  i s  l o s t  i n  
t h e  one  h o u r  smoothing. 
t h rough  smoothing when c u r r e n t  sys tems wi th  i o n o s p h e r i c  c o n t i n u i t y  are 
c o n s t r u c t e d  from t h e  h o u r l y  v a l u e s .  
A s  t h i s  h a s  been done by r a t h e r  t e d i o u s  a n a l y s i s ,  examples  are 
There  i s  n e c e s s a r i l y  an a d d i t i o n a l  loss of d e t a i l  
A t h i r d  c a t e g o r y  of a n a l y s i s  i n v o l v e s  r e l a t i n g  t h e  magnet ic  d i s -  
t u r b a n c e  p a t t e r n  t o  t h e  behav io r  of  au ro ra .  A t  e l e c t r o j e t  l a t i t u d e s  i t  
h a s  been w e l l  e s t a b l i s h e d  t h a t  t h e  t ime and space  d i s t r i b u t i o n  of p o s i t i v e  
and n e g a t i v e  bays  c o r r e l a t e s .  i n  d e t a i l .  w i t h :  (1) staees of a u r o r a l  
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morphology a s  r e v e a l e d  p r i m a r i l y  by sequences  of a u r o r a l  forms  (Heppner , 
1954) ,  and ( 2 )  t h e  d i r e c t i o n  of a u r o r a l  mot ion  ( D a v i s ,  1962) .  F i g u r e  3, 
P a t t e r n  I ,  i l l u s t r a t e s  i n  i d e a l i z e d  form t h e  most common c o i n c i d e n t  be- 
h a v i o r  of t h e  a u r o r a  and magnet ic  bays .  P a t t e r n  11, F i g u r e  3 ,  i l l u s t r a t e s  
a second type  of c o i n c i d e n t  behav io r  i n  which t h e r e  i s  a d i s a p p e a r a n c e  
of  a c t i v i t y  between t h e  p o s i t i v e  and n e g a t i v e  bay s e c t o r s  of  t h e  d i s t u r b -  
ance  p a t t e r n .  The o c c u r r e n c e  of  P a t t e r n  11 i s  g e n e r a l l y  l i m i t e d  t o  p e r i o d s  
of low a c t i v i t y .  Dav i s '  f i g u r e s  ( g i v e n  i n  h i s  p a p e r  i n  t h i s  book, o r  1963) 
show t h e  d i r e c t i o n s  of a u r o r a l  motion a s s o c i a t e d ,  r e s p e c t i v e l y ,  w i t h  east- 
ward (+AH) c u r r e n t s  and westward ( - A H )  c u r r e n t s .  The l i n e s  AB i n  F i g u r e  
3 and AA' i n  D a v i s '  f i g u r e s  (1963)  s e p a r a t e  t h e  two (+AH and - A H )  t i m e  
and space  s e c t o r s  of t h e  d i s t u r b a n c e  p a t t e r n  a t  e l e c t r o j e t  l a t i t u d e s .  
The  o v e r l a p  i n  l a t i t u d e  between t h e  +AH and -AH s e c t o r s  t h a t  
a p p e a r s  between 23h and OOh LT i n  F i g u r e  3 i s  a t y p i c a l  f e a t u r e  of t h e  
d i s t u r b a n c e  p a t t e r n  t h a t  seldom a p p e a r s  i n  s t u d i e s  u t i l i z i n g  a v e r a g e s .  
I n  f a c t ,  t h i s  s e c t i o n  of t h e  p a t t e r n  may a p p e a r  as a t i m e  of low d i s t u r b a n c e  
because  t h e  + and -AH e f f e c t s  from c u r r e n t s  t o  t h e  s o u t h  and n o r t h ,  r e s p e c -  
t i v e l y ,  w i l l  b e  m u t u a l l y  c a n c e l l i n g  each  o t h e r  a t  an  o b s e r v a t o r y  s i t u a t e d  
i n  t h e  c e n t e r .  
f e a t u r e  i n  Harang ' s  d i ag ram,  F i g u r e  2. T h i s  l a t i t u d i n a l  o v e r l a p  i l l u s t r a t e d  
by F i g u r e s  2 and 3 and Dav i s '  (1963)  a n a l y s i s  i s  a p a r t i c u l a r l y  impor t an t  
s t a g e  i n  t h e  d i s t u r b a n c e  p a t t e r n  as i t  r e p r e s e n t s  t h e  c o n d i t i o n  which 
e x i s t s  immediately p r e c e d i n g  t h e  even t  known as " a u r o r a l  break-up" ( i . e .  , 
t h e  lowes t  l a t i t u d e  homogeneous are b r e a k s  i n t o  a c t i v e  r ayed  forms)  which 
i s  accompanied by a sudden i n c r e a s e  i n  i n t e n s i t y  of t h e  westward e lectrojet  
and a l o c a l  t i m e  s h i f t  of t h e  e lec t ro je t  p a t t e r n .  
A s  no ted  p r e v i o u s l y  t h e  o v e r l a p  d o e s  a p p e a r  as a major 
T h i s  e v e n t  i s  also 
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r e f e r r e d  t o  as n e g a t i v e  bay o n s e t ,  a u r o r a l  a c t i v a t i o n ,  e tc .  
From t h e  d e t a i l e d  c o r r e l a t i o n  of a u r o r a  and magnet ic  d i s t u r b a n c e  
no ted  above one  would l o g i c a l l y  assume t h a t  s ta t i s t ica l  p a t t e r n s  o f  a u r o r a l  
o c c u r r e n c e  and magnet ic  d i s t u r b a n c e  would a l s o  c o r r e l a t e .  A t  e l e c t r o j e t  
l a t i t u d e s  t h i s  e x p e c t a t i o n  i s  borne-out .  I n  t h e  c e n t r a l  p o l a r  c a p  r e g i o n  
( e . g . ,  > 80° magnet ic  l a t i t u d e )  however t h e  c o r r e l a t i o n  i s  a p p a r e n t l y  
n e g a t i v e  ( D a v i s ,  1963; Lassen ,  1963) .  F e l d s t e i n  (1966)  h a s  compiled sta- 
t i s t i c s  on t h e  l o c a l  t i m e  of  occu r rence  o f  a u r o r a  and p l o t t e d  t h e  d i s t r i -  
b u t i o n  on a 24 hour  p o l a r  scale. The r e s u l t i n g  d i s t r i b u t i o n ,  which h e  
names t h e  " a u r o r a l  ova l "  p l a c e s  t h e  r eg ion  of maximum o c c u r r e n c e  f o r  t h e  
noon h o u r s  n e a r  76O magnet ic  l a t i t u d e  and f o r  midnight  h o u r s  n e a r  67O. 
The term I laurora l  o v a l v 1  a p p e a r s  t o  have t h e  same meaning as an o l d e r  term 
" t h e  a u r o r a l  b e l t "  which h a s  of  t e n  been used  t o  d i s t i n g u i s h  between t h i s  
d i s t r i b u t i o n  and t h e  l o c a t i o n  of t h e  " a u r o r a l  zone" which d e f i n e s  t h e  
l a t i t u d e  of  most f r e q u e n t  o c c u r r e n c e  wi thout  r e f e r e n c e  t o  l o c a l  t i m e .  The 
change  i n  l a t i t u d e  w i t h  l o c a l  t i m e  of t h e  sou the rn  edge o f  t h e  a u r o r a l  
b e l t  i s  a p p a r e n t  i n  F i g u r e  2 .  
The c o i n c i d e n c e  o f  t h e  a u r o r a l  b e l t  ( o r  o v a l )  w i t h  e l e c t r o j e t  
magnet ic  d i s t u r b a n c e s  i s  w e l l  e s t a b l i s h e d  and need h a r d l y  be  mentioned 
f u r t h e r  excep t  f o r  a r e c e n t  i n t e r p r e t a t i o n  sugges t ed ,  and q u e s t i o n e d ,  by 
F e l d s t e i n  (1966)  bu t  pursued  t o  g r e a t  l e n g t h  by Akasofu and co-workers  
(Akasofu ,  Chapman and Meng, 1965; Akasofu, Kimball  and Meng, 1965,  1966) .  
A s  summarized by Akasofu (1965)  p o s i t i v e  bays  i n  t h e  a f t e r n o o n  s e c t o r  
are n o t  caused  by an eas tward  e l e c t r o j e t  c u r r e n t  b u t  are i n s t e a d  t h e  
r e s u l t  of  i o n o s p h e r i c  r e t u r n  c u r r e n t s  from westward e l e c t r o j e t s  a t  h i g h e r  
l a t i t u d e s .  I n  t h i s  i n t e r p r e t a t i o n  t h e  westward e l e c t r o j e t  f l o w s  everywhere 
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a l o n g  t h e  a u r o r a l  o v a l  and p o s i t i v e  bays  a t  a u r o r a l  l a t i t u d e s  i n  t h e  
evening  are a minor consequence of t h e  westward f l o w  a t  h i g h e r  l a t i t u d e s .  
Thus,  by d e f i n i t i o n ,  i n  t h i s  p i c t u r e  t h e r e  i s  no d i r ec t  s p a t i a l  a s s o c i a t i o n  
between t h e  o c c u r r e n c e  o f  a u r o r a  and t h e  eas tward  c u r r e n t .  T h i s  view 
d i r e c t l y  c o n f l i c t s  w i t h  t h e  o b s e r v a t i o n s  o f  many i n d i v i d u a l  s t u d i e s  some 
of  which involved  e x t e n s i v e  s ta t is t ics :  e.g.  Heppner ' s  ( 1954) s t u d y  of 
95 comple t e  and 50 p a r t i a l  n i g h t s  a t  C o l l e g e ,  Alaska  and  Bond's  (1960)  
i n v e s t i g a t i o n  of  62 n i g h t s  a t  Macquarie I s l a n d  which r e v e a l e d  o n l y  t w o  
c o n f l i c t s  with t h e  p a t t e r n s  t y p i f i e d  by F i g u r e  3 and t h e s e  w e r e  cases 
when t h e  a u r o r a  w a s  rayed  d u r i n g  t h e  p o s i t i v e  bay. Auro ra l  behav io r  de-  
f i e s  p e r f e c t  c l a s s i f i c a t i o n  so i t  i s  n o t  d i f f i c u l t  t o  f i n d  i s o l a t e d  o r  
d e t a i l e d  e x c e p t i o n s  i n  i t s  a s s o c i a t i o n  w i t h  magnet ic  d i s t u r b a n c e .  However, 
o b s e r v a t i o n a l  d a t a  on t h e  p r e s e n c e  of a u r o r a  i s  overwhelmingly c o n t r a r y  
t o  Akasofu ' s  i n t e r p r e t a t i o n .  
morphology which a l s o  c o n t r a d i c t  t h i s  i n t e r p r e t a t i o n  and i t s  i m p l i c a t i o n s  
b u t  t h i s  i s  a s e p a r a t e  t o p i c .  It should  b e  no ted  t h a t  t h e  d i s t i n c t i o n  be- 
tween " e l e c t r o j e t "  and l ' re turnl l  c u r r e n t  i s  n o t  p u r e l y  semant ic  i n  t h a t  
There  are o t h e r  a rguments  based on a u r o r a l  
h e r e  i m p l i e s  t h a t  t h e r e  i s  no c a u s a t i v e  d r i v i n g  p o t e n t i a l  o r  ~ 
a u r o r a l  p a r t i c l e  p r e c i p i t a t i o n  a s s o c i a t e d  d i r e c t l y  w i t h  t h e  eas tward  c u r r e n t ,  
o r  +AH d i s t u r b a n c e .  I n t e r p r e t e d  b r o a d l y  i t  a l s o  means t h a t  t h e  t o t a l  east- 
ward c u r r e n t  can neve r  be  g r e a t e r  t h a n  a small f r a c t i o n  of t h e  i n t e g r a t e d  
westward e lectrojet  c u r r e n t .  
t h e  t o t a l  eastward c u r r e n t  i s  n o t  g r e a t e r  t h a n  t h e  westward c u r r e n t  hav ing  
similar a l ignment  a t  s l i g h t l y  h i g h e r  l a t i t u d e s .  The d i s t u r b a n c e  movies  
d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s  make i t  obv ious  t h a t  t h e r e  are major  
f l a w s  i n  t h e  c u r r e n t  system c o n s t r u c t e d  by Akasofu,  Chapman and Meng ( 1 9 6 5 ) .  
O r  i n t e r p r e t e d  more a l o n g  t h e  l i n e s  p roposed ,  
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111. Fi lm D i s p l a y  of  D i s t u r b a n c e  P a t t e r n s  
The r ev iew i n  S e c t i o n  I1 was d i r e c t e d  toward t h e  s p a t i a l  d i s -  
t r i b u t i o n  of d i s t u r b a n c e  p a t t e r n s .  Time v a r i a t i o n s  i n  t h e  p a t t e r n  were 
l a r g e l y  i g n o r e d  because  o n l y  v e r y  l i m i t e d  i n f o r m a t i o n  h a s  been available. 
More r e c e n t l y  magnetograms have  been d i g i t i z e d  at 2.5 minute  i n t e r v a l s  
unde r  a j o i n t  USC & GS - NASA e f f o r t .  A s  t h e s e  d a t a  can  be  handled  by 
compute r s ,  a n a l y s e s  of  t i m e  v a r i a t i o n s  can b e  performed which p r e v i o u s l y  
would n o t  have  been f e a s i b l e  from a l abor  s t a n d  p o i n t .  
t h i s  form f o r  seven a u r o r a l  zone o b s e r v a t o r i e s  Dav i s  and S u g i u r a  (1966)  
have  d e f i n e d  an i n d e x  f o r  a u r o r a l  e l e c t r o j e t  a c t i v i t y ,  AE, based  on t h e  
enve lope  o f  superimposed traces o f  t h e  h o r i z o n t a l  component, T h i s  en-  
v e l o p e  c l e a r l y  i l l u s t r a t e s  v a r i a t i o n s  i n  e l e c t r o j e t  a c t i v i t y  w i t h  u n i -  
v e r s a l  t i m e  bu t  i s  independent  of t h e  l o c a l  t i m e  pa t t e rn . ,  
Using d a t a  i n  
For  a n a l y s i s  o f  t h e  l o c a l  time p a t t e r n  as a f u n c t i o n  of u n i -  
v e r s a l  t i m e  t h e  a u t h o r  h a s  used  an  SC-4020 p l o t t e r  t o  d i s p l a y  i n  p o l a r  
p r o j e c t i o n  t h e  d i s t u r b a n c e  v e c t o r  i n  t h e  h o r i z o n t a l  p l a n e  s i m u l t a n e o u s l y  
f r o m . 2 5  h i g h  l a t i t u d e  o b s e r v a t o r i e s  f o r  each  2.5 minu tes  o f  u n i v e r s a l  
t i m e  f o r  a p e r i o d  of  16 c o n s e c u t i v e  days i n  October  1957. The i n t e r v a l  
October  5 -20 ,  1957 w a s  chosen because:  (1) t h e  maximum number of  h i g h  
l a t i t u d e  magnetograms w a s  a v a i l a b l e  f o r  1957-1958, ( 2 )  a wide r a n g e  of  
d i s t u r b a n c e  l e v e l s  w a s  a v a i l a b l e  between Oc tobe r  5 and 20 w i t h o u t  g e t t i n g  
i n t o  a major  s torm which would make many r e c o r d s  u n r e a d a b l e ,  and ( 3 )  f o r  
b a s e l i n e  d e t e r m i n a t i o n  October  5-20 inc luded  two 24 hour  i n t e r v a l s  which 
were t h e  most q u i e t  days  w i t h i n  a f o u r  month i n t e r v a l .  A 26 th  o b s e r v a t o r y ,  
P t .  Barrow, w a s  d i g i t i z e d  b u t  n o t  used because  t h e  D trace w a s  m i s s i n g  
from t h e  magnetograms on t h e  q u i e t  days.  Kp i n d i c e s  f o r  t h e  16 d a y s  are 
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shown i n  F igu re  4 t o  i l l u s t r a t e  g e n e r a l  a c t i v i t y  levels . ,  
R e s t r i c t i o n  of t h i s  i n i t i a l  s t u d y  t o  16 d a y s  can  be  b e s t  under -  
s tood  by examining t h e  q u a n t i t y  of d a t a  i n v o l v e d .  
are 9216 independent  p o l a r  d iagrams which means 230,400 o b s e r v a t o r y  
v e c t o r s  o r  691,200 component ( i . e . ,  D ,  H ,  o r  2) s c a l i n g s ,  The v a r i a t i o n  
i n  t h e  v e r t i c a l  component,  AZ, i s  n o t  r e p r e s e n t e d  i n  p l o t s  made t o  d a t e .  
A H  and AD ( o r  A X  and AY) d e t e r m i n e  t h e  h o r i z o n t a l  v e c t o r .  The i n d i v i d u a l  
p o l a r  p l o t s  are p u t  on 35mm f i l m  i n  t i m e  sequence  by t h e  SC-4020 p l o t t e r .  
P layback  of t h i s  f i l m  g i v e s  a c o n t i n u o u s  movie of  t h e  s imul t aneous  d i s -  
t u r b a n c e  v e c t o r s .  Movies i n  both  geograph ic  and geomagnet ic  c o o r d i n a t e  
sys tems have  been made by t h i s  means. A s  e x p e c t e d ,  t h e  v e c t o r s  are b e t t e r  
o r g a n i z e d  i n  geomagnet ic  t han  i n  geograph ic  c o o r d i n a t e s ;  i . e . ,  t h e  v e c t o r  
p a t t e r n s  are more s t a b l e  as a f u n c t i o n  of geomagnet ic  l o c a l  t i m e  and l a t -  
i t u d e  t h a n  as a f u n c t i o n  of geograph ic  l o c a l  t i m e  and l a t i t u d e .  Thus ,  
geomagnet ic  c o o r d i n a t e s  are  used e x c l u s i v e l y  f o r  d e t a i l e d  s tudy .  For  movie 
p r e s e n t a t i o n  i n  which t h e  speed of  p r o j e c t i o n  h a s  t o  b e  matched t o  a v iewers  
a b i l i t y  t o  f o l l o w  changes ,  f o u r  f r ames  are i n s e r t e d  between each  two i n d e -  
pendent  f rames.  T h i s  i s  accomplished by l i n e a r  i n t e r p o l a t i o n  a t  0.5 minu te  
i n t e r v a l s  between c o n s e c u t i v e  2.5 minu te  s c a l i n g s .  
F o r  t h e  16 d a y s  t h e r e  
F i g u r e s  5-8 c o n t a i n  examples  of  i n d i v i d u a l  f r ames .  The heavy 
l i n e  p a s s i n g  through t h e  c e n t e r  of each  p l o t  i s  t h e  geomagnet ic  noon-midnight  
mer id i an .  The long  end of  t h i s  l i n e  p o i n t s  toward t h e  sun and t h u s  d e n o t e s  
t h e  noon mer id ian .  I n  t h e  lower r i g h t - h a n d  c o r n e r  of F i g u r e  5 geomagnet ic  
t i m e s  O h ,  gh ,  12h ,  18 h and geomagnet ic  l o n g i t u d e s  09 90°, -goo,  180° are 
i l l u s t r a t e d  t o g e t h e r  w i t h  numbers i d e n t i f y i n g  t h e  o b s e r v a t o r i e s  which are 
l i s t e d  i n  Table  I. Dot t ed  l i n e s  are c i r c l e s  of c o n s t a n t  geomagnet ic  
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l a t i t u d e  i n  loo i n t e r v a l s .  I n  F i g u r e s  6-8  t h e  c o o r d i n a t e s  have  been 
r o t a t e d  by 90° o r  1800 such t h a t  noon i s  n e a r  t h e  bottom of each  f i g u r e .  
The scale of t h e  d i s t u r b a n c e  v e c t o r  l e n g t h  i s  100 gammas = loo l a t i t u d e  
i n  a l l  cases. 
I V .  D i s c u s s i o n  R e l a t e d  t o  I n i t i a l  A n a l y s i s  of  D i s t u r b a n c e  Fi lm 
A viewer of  t h e  movie d e s c r i b e d  above can  form h i s  own g e n e r a l  
i m p r e s s i o n s .  However, i t  i s  o n l y  through r e p e a t e d  v i ewings  and c a r e f u l  
examinat ion  of s u c c e s s i v e  frames t h a t  t h e s e  impress ions  become a t  a l l  
q u a n t i t a t i v e .  To d a t e  t h e  a u t h o r  h a s  s t u d i e d  p r i m a r i l y  t h e  major  f e a t u r e s .  
Thus ,  a n a l y s e s  of many d e t a i l s  ( e . g . ,  t i m e  d i f f e r e n c e s  between t h e  a p p e a r -  
a n c e  of  change  a t  d i f f e r e n t  s t a t i o n s ,  e t c , )  w i l l  have  t o  be g i v e n  i n  sub- 
sequent  r e p o r t s .  Some i n i t i a l  i m p r e s s i o n s  and c o n c l u s i o n s  are g i v e n  below: 
( A )  C i r c u i t  c l o s u r e :  The p a t t e r n  of d i s t u r b a n c e  v e c t o r s  a t  
any one  t i m e  g i v e s  t h e  g e n e r a l  impress ion  t h a t  sys tems of  
ciajsed i o n o s p h e r i c  c u r r e n t s  c o u l d  b e  drawn compa t ib l e  w i t h  
t h e  observed  d i s t u r b a n c e s .  However, on c loser  examinat ion  
t h e  f o l l o w i n g  p o i n t s  are a p p a r e n t .  (1)  There  i s  n o t  an  
adequa te  number and d i s t r i b u t i o n  of o b s e r v a t o r i e s  t o  p e r m i t  
such c o n s t r u c t i o n s  t o  be a c c u r a t e  and even q u a l i t a t i v e  
r e p r e s e n t a t i o n  may o f t e n  h i n g e  on b e i n g  ab le  t o  p l a c e  
c u r r e n t s  where t h e r e  are n o t  any observatories t o  conf i rm 
o r  deny t h e  c o n s t r u c t i o n .  T h i s  i s  p a r t i c u l a r l y  t r u e  a t  
a u r o r a l  l a t i t u d e s  where t h e  d i s t u r b a n c e  i s  l o c a l l y  c o n c e n t r a t e d .  
I n  p o l a r  c a p  r e g i o n s  t h e  d i s t u r b a n c e  i s  o f t e n  h i g h l y  uni form 
and i t  i s  r e a s o n a b l e  a t  t h e s e  times t o  assume t h a t  t h e  
c e n t r a l  p o l a r  c a p  d i s t u r b a n c e  i s  a d e q u a t e l y  r e p r e s e n t e d  by 
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t h e  avai lable  observa tor ies .  ( 2 )  For  s p e c i f i c  p e r i o d s  of 
t i m e ,  which are n o t  i n f r e q u e n t ,  t h e r e  are good r e a s o n s  f o r  
q u e s t i o n i n g  c l o s u r e  i n  t h e  i o n o s p h e r e .  The most obv ious  
s i t u a t i o n  of t h i s  t y p e  i s  when a r e l a t i v e l y  s t a b l e  p a t t e r n  
of d i s t u r b a n c e  i s  p r e s e n t  and a d i s t i n c t  g roup of  o b s e r -  
v a t o r i e s ,  a l l  showing e i t h e r  +AH o r  - A H ,  suddenly  o r  
g r a d u a l l y  undergo a s i g n i f i c a n t  change  i n  t h e  l eve l  of d i s -  
t a r b a n c e  wi thou t  change  i n  s i g n  w h i l e  a t  t h e  same t i m e  
t h e r e  i s  no s i g n i f i c a n t  change  i n  t h e  d i s t u r b a n c e  a t  o t h e r  
o b s e r v a t o r i e s .  Any a t t e m p t  t o  m a i n t a i n  c i r c u i t  c o n t i n u i t y  
i n  t h e  ionosphe re  as a f u n c t i o n  of  t i m e  th rough t h i s  sequence  
i s  n e c e s s a r i l y  dependent  on a d j u s t m e n t s  t o  t h e  c u r r e n t  
system o n l y  i n  t h e  r e g i o n  of change and t h o s e  r e g i o n s  which 
are unobserved.  B e l i e f  i n  comple t e  i o n o s p h e r i c  c l o s u r e  a t  
t h e s e  t i m e s  would a p p e a r  t o  b e  based more on f a i t h  t h a n  on 
l o g i c .  ( 3 )  More g e n e r a l l y  from r e p e a t e d  v i ewings  o n e  
r e c o g n i z e s  t h a t  t h e  major sectors of  t h e  p a t t e r n  ( i . e . ,  t h e  
p n s i t i v e  and n e g a t i v e  bay a u r o r a l  d i s t u r b a n c e s  and t h e  p o l a r  
c a p  d i s t u r b a n c e )  are n o t  d i s t u r b e d  p r o p o r t i o n a l l y  a t  d i f -  
f e r e n t  t i m e s .  Thus,  a l t h o u g h  a l l  sectors t e n d  t o  b e  e i t h e r  
d i s t u r b e d  o r  q u i e t  f o r  t h e  same p e r i o d s ,  t h e  r e l a t ive  and 
combined i n t e n s i t i e s  o f  p o s i t i v e  and n e g a t i v e  b a y s  o f t e n  
v a r y  g r e a t l y  w h i l e  t h e  p o l a r  c a p  d i s t u r b a n c e  level  r ema ins  
r e l a t i v e l y  s t a b l e .  Exp lana t ion  of t h e  v a r i o u s  combina t ions  
of r e l a t ive  i n t e n s i t y  c o u l d  be sought  i n  terms of c l o s u r e  
a t  lower l a t i t u d e s  which are n o t  r e p r e s e n t e d  i n  t h e  f i l m .  
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T h i s  a g a i n  invokes  t h e  unknown i n  assuming a c l o s e d  
i o n o s p h e r i c  system. ( 4 )  For  t h e  same r e a s o n s  as (1)  above ,  
c u r r e n t  sys tems which do n o t  c l o s e  comple t e ly  i n  t h e  iono-  
sphe re  cou ld  be  c o n s t r u c t e d  c o m p a t i b l e  w i t h  t h e  observed  
d i s t u r b a n c e s  
(8) Biased  D i s t r i b u t i o n s :  Re la t ed  t o  i t e m  (1)  under  ( A )  above 
i t  i s  a p p a r e n t  t h a t  any  a n a l y s i s  which i s  based on t h e  
u n i v e r s a l  t i m e  p e r i o d  20h t o  O l h  w i l l  de-emphasize and i n  
many cases comple t e ly  m i s s  t h e  p r e s e n c e  of +AH p o s i t i v e  
bay a c t i v i t y  a t  a u r o r a l  l a t i t u d e s ,  and any a n a l y s i s  based  
on t h e  p e r i o d  O l h  t o  04 h i s  l i k e l y  t o  de-emphas ize ,  b u t  
n u t  m i s s ,  t h e  -AH n e g a t i v e  bay a c t i v i t y ,  T h i s  i s  a d i r e c t  
consequence of t h e  lack of s t a t i o n s  below 70' Mag. L a t .  i n  
t h e  A t l a n t i c  r e g i o n .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  V e s t i n e ,  
e t  a l ' s ,  (1948)  diagrams a t  two hour  i n t e r v a l s  i l l u s t r a t i n g  
p o s i t i v e  bay a c t i v i t y  d i s a p p e a r i n g  d u r i n g  p r o g r e s s i o n  of 
a s torm show t h i s  d i sappea rance  a t  22h and OOh UT. 
S i l s b e e  and V e s t i n e ' s  (1942)  wide ly  quoted  c u r r e n t  d iagram 
shown i n  F i g u r e  1 ( C )  i s  based  on 3 hour  a v e r a g e s  c e n t e r e d  
a t  21h,  O O h ,  and 03h UT. 
h t h e  UT p e r i o d  20h t o  01 
gram shows a re la t ively i n s i g n i f i c a n t  p o s i t i v e  bay s e c t o r ,  
S i m i l a r l y ,  
A s  t h i s  p u t s  maximum weight  on 
i t  i s  n o t  s u r p r i s i n g  t h a t  t h e  d i a -  
(C) Return  C u r r e n t  Quest ion:  A s  no ted  i n  S e c t i o n  I1 Akasofu,  
e t  a1 ( 1965, 1966) a t t r i b u t e  +AH d i s t u r b a n c e s  a t  a u r o r a l  
l a t i t u d e s  i n  t h e  a f t e r n o o n ,  o r  even ing ,  h o u r s  t o  r e t u r n  
c u r r e n t s  from t h e  westward e l e c t r o j e t  whose c i r c u i t  i s  
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extended  from t h e  e a r l y  morning h o u r s  t o  t h e  a f t e r n o o n  
h o u r s  a t  l a t i t u d e s  s l i g h t l y  g r e a t e r  t h a n  t h o s e  o f  t h e  +AH 
d i s t u r b a n c e .  
ance  f i l m  are  c o n t r a r y  t o  t h i s  r e t u r n  c u r r e n t  i n t e r p r e t a t i o n .  
(1) P e r i o d s  do e x i s t  i n  which t h e  g e n e r a l  l e v e l  of  + A H ,  
p o s i t i v e  bay ,  a c t i v i t y  i s  g r e a t e r  t h a n  t h e  - A H ,  n e g a t i v e  
bay ,  a c t i v i t y .  ( 2 )  It i s  q u i t e  common t o  o b s e r v e  +AH d i s -  
t u r b a n c e s  o v e r  ex tended  areas i n  t h e  evening  h o u r s  which 
are c o n s i d e r a b l y  s t r o n g e r  t h a n  -AH d i s t u r b a n c e s  o v e r  
similar areas a t  a d j a c e n t  h i g h e r  l a t i t u d e s .  ( 3 )  A t  lower  
l a t i t u d e s ,  e .g .  5 5 O ,  i n  t h e  same t i m e  s e c t o r  as t h e  
+AH d i s t u r b a n c e  t h e  d i s t u r b a n c e  i s  most commonly n e g a t i v e ,  
( 4 )  The +AH d i s t u r b a n c e  i n  many cases remains  r e l a t i v e l y  
s t a b l e  w h i l e  t h e r e  are l a r g e  e x c u r s i o n s  i n  t h e  n e g a t i v e  
bay ,  - A H ,  d i s t u r b a n c e .  Relative t o  ( B )  above i t  should  a l s o  
be no ted  t h a t  Akasofu,  Chapman, and Meng ( 1965) have  
s e l e c t i v e l y  used  d iagrams f o r  24h UT from V e s t i n e  (1948) 
and f o r  21h15m from Fukushima (1953)  as suppor t  f o r  t h e i r  
i n t e r p r e t a t i o n . ,  
R e p e t i t i o n  of P a t t e r n  a t  t h e  Same UT on S u c c e s s i v e  Days: 
The f i l m  p r e s e n t a t i o n ,  o r  examinat ion  o f  magnetograms, 
mi;kes one c o n s c i o u s  of t h e  g r e a t  v a r i a b i l i t y  of  h i g h  l a t i t u d e  
d i s t u r b a n c e  l e v e l s  as a f u n c t i o n  of  UT and d a t e .  The f i l m  
also conveys an  impress ion  of  i r r e g u l a r  movements of t h e  
p a t t e r n  w i t h  l o c a l  t i m e .  Al though such movements t a k e  p l a c e ,  
as d i s c u s s e d  i n  (E) below, much of  t h i s  impress ion  i s  caused  
The f o l l o w i n g  o b s e r v a t i o n s  from t h e  d i s t u r b -  
(D) 
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by changes  i n  i n t e n s i t y  and small s h i f t s  i n  l a t i t u d e  
accompanying i n t e n s i t y  changes r a t h e r  t h a n  a movement of  
t h e  c o n f i g u r a t i o n  i n  magnet ic  local  t i m e .  One t e s t  of 
p a t t e r n  s t a b i l i t y  i s  i t s  r e p e a t i b i l i t y  from day  t o  day ,  
Examples of r e p e t i t i o u s  b e h a v i o r  of  bays  on s u c c e s s i v e  
d a y s  have  been g i v e n  i n  t h e  p a s t  f o r  s p e c i f i c  o b s e r v a t o r i e s  
( C h r e e ,  1913; Wells, 1947; Heppner,  1954) .  The f i l m  p e r m i t s  
one  t o  examine t h i s  t y p e  of  s t a b i l i t y  f o r  t h e  comple te  
p a t t e r n  i n  d e t a i l .  Taking t h e  i d e n t i c a l  UT on s u c c e s s i v e  
d a y s  i s  an  extreme tes t  which a p r i o r i  t h e  a u t h o r  thought  
would show g e n e r a l  agreement b u t  n o t  d e t a i l e d  agreement .  
It  h a s  become a p p a r e n t  however t h a t  d e t a i l e d  cor respondence  
between s u c c e s s i v e  d a y s  f r e q u e n t l y  e x i s t s .  F i g u r e  5 shows 
h t h e  d i s t u r b a n c e  v e c t o r s  a t  15 40m UT on 7 s u c c e s s i v e  d a y s  
i n  which t h e  3-hour  Kp v a l u e s  f o r  15 h - 18h r a n g e  from 2+ 
t o  5+. 
c o n f i g u r a t i o n s  i s  obvious.  To i l l u s t r a t e  t h a t  t h e  r e p e a t -  
i b i l i t y  i s  n o t  a p e c u l i a r  p r o p e r l y  of t h i s  UT, an  example 
of t w o  c o n s e c u t i v e  d a y s  i s  g i v e n  f o r  03 h 40m UT i n  F i g u r e  
6 .  It  should be n o t e d  t h a t  a l though  t h e s e  are selected 
examples t h e y  are n o t  t h e  f i n d i n g s  of a c a r e f u l  s e l e c t i o n .  
A l a r g e  number of  examples of e q u a l l y  d e t a i l e d  r e p e t i t i o n  
c o u l d  be e x t r a c t e d  from t h e  f i l m .  
The d e g r e e  of d e t a i l e d  co r re spondence  i n  t h e  v e c t o r  
( E )  P a t t e r n  Movements i n  Geomagnetic Time: The p r e v i o u s  sub- 
s e c t i o n ,  ( D )  above ,  emphasized t h e  s t a b i l i t y  of t h e  d i s -  
t u r b a n c e  v e c t o r  p a t t e r n .  However, w e  know q u i t e  w e l l  from 
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p r e v i o u s  s t u d i e s  t h a t  t h e  p a t t e r n  i s  n o t  c o m p l e t e l y  f i x e d  
i n  geomagnetic t i m e  o r  i n  any  o t h e r  known t i m e  scale even 
when w e  t a k e  i n t o  account  p o s s i b l e  f a l se  i m p r e s s i o n s  caused  
by l a t i t u d e  s h i f t s ,  Space  w i l l  n o t  p e r m i t  a g e n e r a l  d i s -  
c u s s i o n  h e r e  bu t  some g e n e r a l i z a t i o n  on movements of  t h e  
+ t o  -AH d i s c o n t i n u i t y  i n  magnet ic  l o c a l  t i m e  as seen  i n  
movie form i s  i m p o r t a n t .  The f i r s t  g e n e r a l i z a t i o n  i s  t h a t  
t h i s  discontinuity p e r s i s t s  most of  t h e  t i m e  w i t h i n  a 
s e c t o r  o f  s e v e r a l  hour s  n e a r  22h magnet ic  l o c a l  t i m e .  
i s  t h u s  conven ien t  t o  v i s u a l i z e  a p a t t e r n  f i x e d  i n  magnet ic  
local t i m e  ( i o e o  r e l a t i v e  t o  t h e  sun)  and examine d e v i a t i o n s  
from t h e  f i x e d  p o s i t i o n .  When t h i s  i s  done i t  i s  r a t h e r  
s u r p r i s i n g  t o  f i n d  t h a t  f o r  t h e  m a j o r i t y  of t i m e  t h e  t r a n -  
s i t i o n  from + t o  -AH d i s t u r b a n c e  p r o g r e s s e s  r a t h e r  smoothly 
s u c c e s s i v e l y  from one  o b s e r v a t o r y  t o  t h e  n e x t  as t h e  e a r t h  
r o t a t e s  r e l a t i v e  t o  t h e  f i x e d  p o s i t i o n ,  T h i s  i s  e s s e n t i a l l y  
j u s t  a r e s t a t e m e n t  of t h e  s t a b l e  c o n d i t i o n  s u b j e c t  t o  t h e  
o b s e r v a t o r y  d i s t r i b u t i o n  which does  n o t  pe rmi t  d i s t i n c t i o n  
bekween a smooth t r a n s i t i o n  and i r r e g u l a r ,  small t i m e  jump, 
t r a n s i t i o n s  o v e r  hour  a n g l e s  less than  t h e  east-west sepa-  
r a t i o n  of s u c c e s s i v e  o b s e r v a t o r i e s .  T h i s  a p p a r e n t  smooth 
t r a n s i t i o n  i s  u s u a l l y  i n t e r r u p t e d  s e v e r a l  o r  more t i m e s  
p e r  day by d i s c r e t e  jumps i n  which t h e  d i s c o n t i n u i t y  s h i f t s  
suddenly ( e . g .  w i t h i n  10 o r  20 minu tes )  t o  an ear l ie r  geo- 
mi;gnetic l o c a l  t i m e .  However i t  i s  a p p a r e n t  t h a t  t h e s e  
sudden jumps are i n  most c a s e s  c o n f i n e d  t o  t i m e  s e c t o r s  
I t  
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less than  3 h o u r s ;  t h a t  i s ,  t h e y  do n o t  ex tend  f a r  enough 
back i n  l o c a l  t i m e  t o  wipe o u t  t h e  p o s i t i v e  bay s e c t o r .  
F i g u r e  7 between 8 : 4 0  and 09:OO UT i l l u s t r a t e s  a small 
jump f o r  t h e  case of a weak d i s t u r b a n c e .  Fol lowing such 
sudden s h i f t s  t o  e a r l i e r  l o c a l  t i m e  t h e  d i s c o n t i n u i t y  i n  
geomagnetic l o c a l  t i m e  g r a d u a l l y  r e t u r n s  t o  rough ly  t h e  
same t i m e  zone where i t  w a s  l o c a t e d  p r i o r  t o  t h e  s h i f t .  
T h i s  i s  an i n t e r e s t i n g  f e a t u r e  i n  t h a t  t h e  r e t u r n  t o  t h e  
p r e v i o u s  l o c a t i o n  appea r s  t o  p r o g r e s s  approx ima te ly  a t  
t h e  e a r t h ' s  rate of  r o t a t i o n .  I f  c o r r e c t ,  t h i s  i m p l i e s  
t h a t  one  c a n n o t  v i s u a l i z e  t h e  p a t t e r n  e n t i r e l y  i n  terms 
of  p o s i t i o n  r e l a t i v e  t o  t h e  sun (ice., l o c a l  t i m e )  b u t  
must a l s o  allow f o r  t h e  p o s s i b i l i t y  t h a t  t h e  p a t t e r n  t o  some 
d e g r e e  r o t a t e s  w i t h  t h e  e a r t h  and becomes i n t e r r u p t e d  when 
i: r o t a t e s  i n t o  t h e  t i m e  zone of t h e  + t o  -AH d i s c o n t i n u i t y .  
The sudden s h i f t s  d i s c u s s e d  above are accompanied by 
i n c r e a s e s  i n  n e g a t i v e  bay i n t e n s i t y  and are  undoubtedly 
a s s o c i a t e d  w i t h  a u r o r a l  b reak -ups ,  A more comple t e  d i s -  
c u s s i o n  of t h e  t ime  morphology of t h e s e  e v e n t s  and o t h e r  
f e a t u r e s  i s  beyond t h e  scope of t h i  s p r e s e n t a t i o n .  
( F )  O t h e r  Comments: 
1. Although i n t e n s i t y  vs .  l o c a t i o n  i n  p a t t e r n  h a s  been 
l a r g e l y  i g n o r e d  i n  t h e  above d i s c u s s i o n ,  o n e  f e a t u r e  
t h a t  a p p e a r s  c o n s i s t e n t l y  which h a s  a p p a r e n t l y  n o t  been 
no ted  p r e v i o u s l y  should be  mentioned. T h i s  i s  t h e  
p e r s i s t e n c e  o f  t h e  p o s i t i v e  bay (+OH) d i s t u r b a n c e  f o r  
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sometime a f t e r  a n e g a t i v e  bay  h a s  l a r g e l y  decayed 
fo l lowed  an  act ive period.,  F i g u r e  8 i s  a t y p i c a l  
example. F i g u r e  7 a l s o  g i v e s  some i n d i c a t i o n  of 
t h i s  behav io r  a l t h o u g h  i n  t h i s  case t h e r e  i s  also a 
l o c a l  t i m e  s h i f t  i n  t h e  r e g i o n  of maximum n e g a t i v e  
bay a c t i v i t y .  
2. Examination of F i g u r e s  5 - 8  i l l u s t r a t e s  t h e  n e a r l y  
i d e n t i c a l  behav io r  of  t h e  p o l a r  c a p  d i s t u r b a n c e  a t  
Thu le  and R e s o l u t e  Bay. T h i s  i s  a g e n e r a l  c o n d i t i o n  
which a p p e a r s  t o  become i n v a l i d  o n l y  d u r i n g  q u i e t  
t i m e s  o r  p e r i o d s  of  weak d i s t u r b a n c e ,  
a n c e  a t  Godhavn o f t e n ,  b u t  n o t  a l w a y s ,  d u p l i c a t e s  
t h a t  o f  Thule  and R e s o l u t e  Bay. These  f e a t u r e s  have  
p r e v i o u s l y  been n o t e d  by F a i r f i e l d  (19631,  An a d d i -  
t i o n a l  f e a t u r e  of  t h i s  s t a b l e  p o l a r  c a p  behav io r  i s  
t h a t  t h e  p e r p e n d i c u l a r  t o  t h e  Thu le  and R e s o l u t e  Bay 
d i s t u r b a n c e  v e c t o r  c o n s i s t e n t l y  i n t e r s e c t s  t h e  n i g h t -  
t i m e  e l e c t r o j e t  r e g i o n  e i t h e r  a t  t h e  +AH t o  -AH local 
t i m e  d i s c o n t i n u i t y  o r  t o  t h e  p o s i t i v e  bay (+AH) s i d e  
of t h i s  d i s c o n t i n u i t y  w i t h i n  several h o u r s  of  t h e  local 
t i m e  a t  t h e  d i s c o n t i n u i t y .  
The d i s t u r b -  
3 .  C o n s i d e r a b l e  i n s i g h t  i n t o  d i s t u r b a n c e  and a u r o r a l  
mechanisms might  b e  o b t a i n e d  i f  one  c o u l d  d e t e r m i n e  
t h e  l o c a l  t i m e  and l a t i t u d e  where a d i s t u r b a n c e  b e g i n s  
a t  h i g h  l a t i t u d e s ,  I t  h a s  f r e q u e n t l y  been i m p l i e d  t h a t  
a d i s t u r b a n c e  b e g i n s  w i t h  t h e  sudden o n s e t  of  a n e g a t i v e  
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bay. T h i s  i s  a mis l ead ing  c o n c e p t .  Both t h e  f i l m ,  
d i s c u s s e d  above ,  and a u r o r a l  s t u d i e s  ( e . g . ,  Heppner,  
1954) show t h a t  t h e  sudden o n s e t  c)r r a p i d  growth of  
a n e g a t i v e  bay i s  a f e a t u r e  which o c c u r s  w i t h i n  a p r e -  
v i o u s l y  e x i s t i n g  d i s t u r b a n c e  p a t t e r n  
look  a t  t h e  t r a n s i t i o n  from v e r y  q u i e t  p e r i o d s  t o  
d i s t u r b e d  p e r i o d s  i f  a p o i n t  of o r i g i n  i s  t o  be found.  
The i n i t i a l  s t u d y  of t h e  f i l m  h a s  n o t  r e v e a l e d  a p o i n t  
of o r i g i n ;  i n  fac t  t h e  impress ion  i s  o b t a i n e d  t h a t  t h e r e  
i s  u s u a l l y  a slow growth n o t  p a r t i c u l a r l y  c o n f i n e d  t o  
e i t h e r  t h e  p o l a r  cap o r  a g i v e n  s e c t o r .  T h i s  p o i n t ,  
and o t h e r s ,  w i l l  be t r e a t e d  i n  greater d e t a i l  f o l l o w i n g  
f u t u r e  more d e t a i l e d  s t u d i e s  w i t h  t h e  f i l m  t e c h n i q u e .  
One must t h u s  
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F i g u r e  1 
F i g u r e  2 
F i g u r e  3 
F i g u r e  4 
F i g u r e  5 
F i g u r e  6 
F i g u r e  7 
F i g u r e  8 
High l a t i t u d e  c u r r e n t  systems:  Chapman ( A )  and ( B )  , S i l s b e e  
and  V e s t i n e  ( C ) ,  Nagata ( D ) ,  Nagata  and I i j i m a  ( E )  and ( F )  
(See t e x t )  
Contours  of e q u a l  d i s t u r b a n c e  of  t h e  h o r i z o n t a l  component from 
Harang ( 1 9 4 6 ) :  s o l i d  l i n e s  f o r  + A H ,  l i g h t  dashed l i n e s  f o r  
-AH. T i m e  d e s i g n a t e d  i s  l o c a l  s t a n d a r d  t i m e  which i s  r o u g h l y  
1 t o  1.5 h o u r s  ear l ie r  than  geomagnetic l o c a l  t i m e  f o r  t h e  
mer id i ans  s t u d i e d .  
I d e a l i z e d  p a t t e r n s  of s imul t aneous  a u r o r a l  a c t i v i t y  and magnet ic  
d i s t u r b a n c e  from Heppner ( 1954) Time d e s i g n a t e d  i s  l o c a l  
s t anda rd  t i m e  which i s  approx ima te ly  1.5 h o u r s  l a te r  than  
geomagnetic l o c a l  t i m e  f o r  r e g i o n  s t u d i e d .  
Kp i n d i c e s  f o r  p e r i o d  cove red  i n  f i l m  s t u d y .  
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T a b l e  1 f o r  o b s e r v a t o r y  i d e n t i f i c a t i o n ) .  
D i s t u r b a n c e  v e c t o r s  a t  03:40 UT on two c o n s e c u t i v e  d a y s ,  
D i s tu rbance  v e c t o r s  a t  20 min. i n t e r v a l s  0 8 : O O  t o  09:00,  October  
10, 1957. 
D i s tu rbance  v e c t o r s  at 20 min. i n t e r v a l s  09:20 t o  11:00, Oc tobe r  
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Table I 
O b s e r v a t o r i e s  
Thu 1 e 
R e s o l u t e  Bay 
Godhavn 
Marchi son Bay 
Baker Lake 
Tikhaya Bay 
J u  1 i anehaab 
Reykjavik  
Yel lowknife  
Churchi  11 
Cape Chelyuskin 
Kiruna 
C o  1 l e g e  
Murmansk 
Dixon I s l a n d  
L e r w i c  k 
Cape We 1 1 e n  
Meanook 
T i x i e  Bay 
S i t k a  
Nurmi j a r v i  
Ag i nc  ou r t 
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